matory diseases, which may be accompanied by severe complications. These complications though infections go unnoticed in the majority of cases. Cytokines in the host play a vital cytokine expression vary between individuals. A meta-analysis was performed to evaluate the effect of cytokine expression differences on severity of infections with these pathogens.
INTRODUCTION
During infection with bacteria the human body can detect pathogen associated molecular of T-helper 1 and 2 cells required for cellular and humoral immune responses, respectively. cytokines and their functions are summarised in Table 1 .
Chlamydia trachomatis, Neisseria gonorrhoeae, and Treponema pallidum are the most common bacterial sexually transmitted disease worldwide. Resulting complications include fertility problems for N. gonorrhoeae and C. trachomatis, and cutaneous lesions and neurosyphilis for T. pallidum. Pathogen recognition receptors such as Toll-like receptors (TLRs) are responsible for identifying pathogens in the human host and initializing the immune CD4+ T-helper cells, at the sites of infection (10, 11) . However what cells are recruited to the site of infection and which cytokines are released can differ depending on the pathogen and the host.
Cytokine expression follows similar pathways in all humans, but has been shown to vary C. trachomatis, N. gonorrhoeae, and T. pallidum cytokines can alter the course of the disease and the resulting complications in the host.
Especially tubapathology and related fertility problems have been shown to be affected by
The aim of this literature review was to critically analyse, create insight, and create a standardized measurement of effect for cytokine expression differences related to outcome of various bacterial urogenital infections. This will shed light on the overlap and differences in the effects of differing cytokine expressions between multiple pathogens. 1 30 
CHAPTER 1

METHODS
Search methods
articles from every search in this database were analysed. Search terms used are shown in Table 2 . Searches were done in the period of 1 October 2014 till 1 December 2014. No age limit was applied when searching for articles. Table 2 : Search strategy in the PubMed and Google Scholar databases. "Pathogen" indicates any bacterial urogenital pathogen. "Cytokine" indicates any cytokine, chemokine, or interleukin.
Search terms
"cytokine" expression "pathogen"
"pathogen" interleukin "cytokine" "pathogen" Table 3 : Exclusion and inclusion criteria.
Exclusion criteria
Cytokines not directly related to pathogen Secondary: Data not compatible with other studies
Inclusion criteria
Bacterial urogenital infections (e.g. C. trachomatis, N. gonorrhoeae, and T. pallidum)
Based on in vivo human studies
Selection of studies expression differences were included. Additionally, any articles not linking the cytokine proin Table 3 . Statistical data of included studies was extracted and reviewed for compatibility with the Comprehensive Meta-analysis (CMA; Biostat inc., Englewood, NJ) tool. Data of studies that was not compatible with other studies for analysis was excluded from the meta-analysis.
Statistical analysis
Dixon's Q test for outliers was used to assess for heterogeneity between included study the heterogeneity assessment were the standardized values given as output by the CMA tool. When variability between study results was proven we used a random effects model effect of large studies on the pooled study results. Cumulative analysis of the results was performed to assess for trends in study results over time. Publication bias was assessed were conducted using the CMA tool. 
RESULTS
The search strategy resulted in 2551 initial search results for analyses. After analyses of the articles, 185 articles were considered for the meta-analysis. 23 articles were included into the meta-analyses based on data in the articles. Figure 1 shows the process of selection of the articles, while Table 4 shows the characteristics of the studies. C. trachomatis consistently showed an -thology during or after infection (17, 18, 22-24, 27, 28, 37) . After applying the random-effect in complications due to C. trachomatis 35 pooled outcome was obtained this way, indicating that no single study affected the pooled examined using a funnel plot analysis ( Figure 2D ). It showed that one included study could be considered an outlier with higher standard error and log odds ratio than should be expected.
C. trachomatis infection showed -
C.
trachomatis infection and is shown in Figure 3 Figure A8C ). Potential for publication bias was examined using a funnel plot analysis. It showed that all included studies were borderline outliers with higher standard error and log odds ratio than should be expected (Appendix 1: Figure A8D ).
on the outcome of infections with C. trachomatis and N. gonorrhoeae. For C. trachomatis a though no direct complications could be linked to it. For N. gonorrhoeae a link was found in host. However, no direct complications could be linked to the expression of these cytokines either. Meta-analysis focussing on cytokines expressed during T. pallidum infections and the effect -atively low amount of articles found for the T. pallidum publication bias from this article pool adjusted the data in such a way that it did become
T. pallidum
was also linked to tubapathology in C. trachomatis infections would support the idea that it T. pallidum infections.
The results found in this meta-analysis are largely supported by studies that could not be
included. An interesting point brought up by another article showed that cytokine expression levels also differed depending on the presence of bacterial vaginosis or lactobacillus also showed that the expression of a number of cytokines not included in this study have a linked to development of asymptomatic and symptomatic neurosyphilis (41) . Additionally, the level of expression of CXCL13 and CXCR5 was linked to upper genital tract pathology during C.
trachomatis not be analysed in the meta-analyses.
Comparing the results from the different pathogens similarities can be seen. IL-1 expression was found to affect the severity of both C. trachomatis and N. gonorrhoeae infections, and
C. trachomatis infections and was possibly linked to
T. pallidum infections. The link between immune responses and the severity of C. trachomatis and N. gonorrhoeae infections was previously suggested by studies into the genetics of comgenetic targets from the immune response to severity of both T. pallidum and C. trachomatis.
Targets that affect the severity of multiple pathogens can potentially lead to therapy solutions that also affect multiple pathogens.
Looking beyond the scope of the included pathogens some additional predictions can be
C. trachomatis
or N. gonorrhoeae infections shows remarkable similarities with Mycoplasma genitalium. This tubapathology leading to infertility (46, 47) . Additionally, cytokines expressed during infection with M. genitalium are similar to those expressed during infection with C. trachomatis or N.
gonorrhoeae, though no analysis of the effect of different expression levels has been done
for this yet (48) . We suggest that the apparent similar disease progression and complications as studies into cytokine expression, and have included fewer different cytokine genes. This means that many of the results found for cytokines included in this study cannot be compared to a comparable genetics study. This rings especially true for studies into N gonorrhoeae and
T. pallidum.
A limitation of this study was the use of a funnel plot to check for publication bias. Although this method suggested multiple studies were affected by publication bias, an outlying result from the funnel plot should not be seen as conclusively biased. Besides publication bias, an outlying study may also have genuinely found varying results. Seeing as the affected studies only bias is debatable. Another limitation was the lack of access to data from articles. This lead to a large number of excluded articles with data that could not be processed in the meta-analysis C. trachomatis infections, and a link between IL-1 and IL-8expression and severity of N. gonorrhoeae infections. Analysis could not be run on pathogens besides these and T. pallidum due to the low number of studies into them.
In the future these results can be used to assess the severity of infections with these pathogen results between pathogens also point towards new candidate gene study targets that could link genetic markers to severity of infections. Additionally these results may hint at potential targets for future interventions and therapies that can be used for a broader scope of STDs.
The effects found in this meta-analysis that do not show a strong link between expression of cytokines and complications, such as IL-6 for C. trachomatis and IL-8 for N. gonorrhoeae, suggest that the impact of these cytokines on C. trachomatis and N. gonorrhoeae infections is limited, although this impact may increase in combined analyses. On the other hand, for example the chemokine MIP shows an effect on the immune-response to N. gonorrhoeae in multiple studies, and more cytokines like this exist. However these did not reach the requirements for inclusion in this meta-analysis. More research into these cytokines will make another meta-analysis in the future more inclusive and might add additional insights into the interplay between cytokine expression and disease complications.
43
DECLARATIONS
Supplementary data
Supplementary data are available at FEMSPD online.
None declared.
1
